An 8-year-old Labrador Retriever with an 11-month history of progressive partial seizures and necropsy examination findings characteristic of the lamellar form of canine neuronal ceroid-lipofuscinosis (NCL) is presented. The clinical, light microscopic, and ultrastructural features of this case most closely resemble human adult-onset NCL (Kufs disease). This is the first report of NCL occurring in the Labrador Retriever breed.
The ceroid-lipofuscinoses are a collection of neurodegenerative diseases characterized by progressive accumulation of autofluorescent lipopigments within lysosomes of neurons and, in some forms, visceral organs. As a group, they have been reported in several species including humans, dogs, sheep, cats, pigs, and cattle. 1, [3] [4] [5] The exact pathogenesis of each of the multiple variants of ceroid-lipofuscinosis (CL) is currently unknown, but 2 primary groups of CL, based on ultrastructural morphologic features, are postulated to account for the vast majority of cases. 1, 4 The first is the lamellar variant, characterized ultrastructurally by lamellar lysosomal profiles. The lamellar form is the most common, and the biochemical anomaly that occurs has been described as an accumulation of subunit c of mitochondrial adenosine triphosphate (ATP) synthase. 4 The electron microscopic hallmark of the other major group of CL is granular osmiophilic deposits. The metabolic error in this second form, which has been described in pigs and the Miniature Schnauzer, has been linked to a defect of sphingolipid activator protein storage. 4 Aberrant dolichol metabolism and abnormal carnitine biosynthesis have also been previously hypothesized to result in distinct forms of CL. 7, 8 Canine neuronal CL (NCL) has been described in multiple breeds of dogs, and because some forms closely resemble spontaneous human NCL, multiple canine models of NCL exist and are a primary research tool in comparative medical studies. 1, 4, 7 The clinical features of canine NCL can include progressive visual deterioration, behavioral changes, seizures, ataxia, and various degrees of motor and sensory dysfunction. Clinical manifestations of canine NCL are often evident at a young age but have been reported to occur in older individuals of specific breeds, most notably the Dachshund, Tibetan Terrier, From the Departments of Small Animal Clinical Sciences (Rossmeisl, Herring, Inzana) and Biomedical Sciences and Pathobiology (Duncan, Fox), Virginia-Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061. and Dalmation. 9, 13 The clinical course of canine NCL is variably progressive over time and ultimately fatal. The electrophysiologic, biochemical, light microscopic, and ultrastructural characteristics of human and experimental canine NCL have been reviewed extensively elsewhere, but reports describing the features of spontaneous canine CL are rare in veterinary literature. 1, 2, 4, 9, 13 This report describes the clinical, light microscopic, and electron microscopic features of NCL in a geriatric Labrador Retriever, a breed not previously associated with canine NCL.
An 8-year-old, neutered male Labrador Retriever was presented for evaluation of progressive partial seizure activity, characterized by facial and ear twitching, of 11-months duration. In the 2 weeks before referral, the owners reported that the dog had also become ataxic and dysphagic and that the facial twitching occurred multiple times daily. Primidone a (250 mg [6.9 mg/kg] per os, divided into 2 equal daily doses) was the only treatment administered before referral. Significant physical examination abnormalities were limited to the nervous system and included a hypermetric gait, truncal ataxia, and tetraparesis. There was no evidence of visual deficits or fundoscopic lesions. A complete blood count, serum biochemical profile, and urinalysis were unremarkable. The serum phenobarbital concentration (30.12 g/ml) was within the reference range (15-40 g/ml).
On the day of admission, the dog was observed to have one episode of facial twitching and pharyngeal dysphagia that progressed to a self-limited, generalized, tonic-clonic seizure. Electroencephalography performed at that time revealed a low-voltage (4-6 V), slow-background (7-9 Hz) rhythm, and diffuse, symmetrical paroxysms of spike and wave activity, consistent with generalized telencephalic disease with epileptiform discharges. The dog was anesthetized for computed tomographic (CT) imaging of the brain and cerebellomedullary cerebrospinal fluid analysis, both of which were unremarkable. The owner elected to euthanize the dog because of the recent clinical progression and inconclusive diagnostic test results. At necropsy, the carcass was in good body condition, and there were no gross lesions. Selected tissue samples including kidney, lung, heart, stomach, duodenum, jejunum, ileum, colon, pancreas, liver, thyroid, adrenal, cervical spinal cord, and brain were fixed in 10% buffered neutral formalin, sectioned, processed routinely, embedded, sectioned, stained with hematoxylin and eosin (HE), and examined using light microscopy. Luxol fast blue (LFB), Ziehl-Neelson (ZN), and periodic acid-Schiff (PAS) stains were used to further characterize lesions.
Within the cytoplasm of neurons of the cerebral cortex, midbrain, hippocampus, brain stem nuclei, cerebellum, spinal cord, and jejunal myenteric plexus was marked accumulation of finely granular material ( Fig.  1 ). Deposits were often polar and extended into the axon hillock and dendrites and occasionally displaced the nucleus and Nissl substance to the cell margin. Some neurons also had single or multiple, large, clear cytoplasmic vacuoles, especially apparent in the brainstem nuclei. The accumulated granular material was principally eosinophilic in motor neurons of the spinal cord, brain stem nuclei, Golgi type II cells of the cerebellum, and neurons of the hippocampus. Elsewhere, the granular accumulation of material in neurons was light brown, including neurons of the cerebral cortex, Purkinje cells, and neurons of the midbrain.
Additionally, perivascular macrophages contained light brown cytoplasmic material in the midbrain and cerebral cortex. There was wide-spread gliosis, and some neurons had marked satellitosis. The eosinophilic material within some neurons was LFB positive, whereas the brown granular material was more PAS positive (Fig. 2) . Macrophage contents were PAS pos-itive. Acid-fast (ZN) staining was extremely faint, yet autofluorescence was spectacular in all affected neurons ( Fig. 3) . Areas containing aggregates of macrophages were associated with neuronal depletion. Extraneural lesions were not detected after examination of other tissues.
For ultrastructural evaluation, cervical spinal cord tissue previously fixed in formalin was fixed in 2.5% glutaraldehyde followed by postfixation in 1% osmium and then embedded in plastic using standard procedures. One-micrometer sections were stained with methylene blue and examined using light microscopy to select appropriate fields for electron microscopy. Tissues derived from the ventral gray columns of the spinal cord were sectioned at 50 nm, treated with lead citrate and uranyl acetate, and then examined using transmission electron microscopy. Ultrastructurally, granular material identified within motor neurons using light microscopy consisted of variably sized, irregular, membrane-bound lysosomes that contained either homogenous gray lipoidal, finely granular or primarily membranous lamellar stacks and whorls (Fig. 4) .
The clinical, light microscopic, and ultrastructural features of the case presented in this study are consistent with the lamellar variant of canine NCL. Neuronal ceroid-lipofuscinosis with this ultrastructural morphology has been attributed to the accumulation of subunit c of mitochondrial ATP synthase in multiple species. 4, 12 Specific biochemical or immunohistochemical techniques to characterize the defect more precisely were not performed in this case. To the authors' knowledge, spontaneous NCL has not been previously reported in the Labrador Retriever breed.
Despite sharing a similar biochemical defect, the clinical presentation and structural pathologic lesions of the canine lamellar family of NCL can be heterogeneous among breeds. The age at which clinical signs appear is extremely variable and has led to a proposed canine classification system based on age of onset and rate of progression. 6 Using this system, 3 forms of canine NCL exist: a prepubertal protracted disease; an early-adult, rapidly progressive form; and an adult-onset, variably progressive type. The clinical features of the patient described in this report are most consistent with the adult-onset form of NCL and are similar to human adult-onset NCL (Kufs disease). Canine NCL resembling Kufs disease has previously been reported in Dachshunds. 13 Kufs disease is characterized by late onset of clinical signs and most notably by the absence of pigmen-tary degeneration of the retina. 4, 9 Visual disturbances have been described in canine NCL and are the hallmark of human juvenile NCL (Batten disease) and can be attributed to visual cortical lesions or progressive retinopathy due to lysosomal lipofuscin accumulations primarily affecting retinal ganglion neurons. 9, 11 Retinopathy-associated vision loss can distinguish Batten disease from Kufs disease, because certain Batten patients may display a protracted clinical course characterized by slowly progressive vision loss that precedes other neurologic manifestations by months to years. 1, 4, 8, 9 Although a more objective antemortem assessment of vision and retinal function (visual evoked potentials or electroretinography) was not performed in this case, and ocular tissue was not available for histopathologic examination, it is suspected that the NCL of the dog of this report most closely resembles Kufs disease because historical and clinical evidence of vision loss were absent.
The definitive diagnosis of NCL requires demonstration of abnormal intracellular, autofluorescent lipopigment accumulation, using light microscopy in affected tissue, characterization of ultrastructural morphology, and biochemical analysis of storage material. Considering the heterogeneity of the ceroid-lipofuscinoses, the identification of specific genetic mutations is also important for classification and remains a focus a comparative medical research. Antemortem diagnosis of canine NCL can be facilitated using skin or gastrointestinal biopsy in cases with extraneural tissue involvement. 1, 3, 4 Hematologic, biochemical, and cerebrospinal fluid testing are usually normal. The identification of ventricular dilatation and cerebrocortical atrophy using CT or magnetic resonance imaging have been described in canine NCL, although these imaging abnormalities are not specific for NCL. 2 Clinical severity of disease has correlated to the severity of imaging abnormalities in humans and dogs with NCL. 2, 4, 10 Although this dog had no identifiable lesions on contrast-enhanced CT imaging of the brain, severe clinical signs were present.
Multiple pathophysiologic mechanisms likely result in the neurologic signs characteristic of dogs with NCL. Neurons are not only physically disrupted by the accumulation of metabolic products, but abnormal processing and elimination of intracellular toxins contribute to neuronal destruction by interfering with intracellular signaling, axonal transport, and neurotransmitter generation, release, and recycling. 4 Mitochondrial function may also be impaired in canine NCL, resulting in reduced efficiency of oxidative phosphorylation within neurons, which likely contributes to cell death. 10 In conclusion, although most lysosomal storage diseases affect young animals, as demonstrated in this report, NCL should be considered as a differential diagnosis for adult-onset, progressive, diffuse central nervous system disease in adult dogs, especially in those cases without advanced intracranial imaging evidence of structural pathology. This is the first report describing a Labrador Retriever with NCL, and on the basis of the available information, this case most closely resembles human adult-onset NCL (Kufs disease).
Comparison of the diagnostic sensitivity of a commercially available culture kit and a diagnostic culture test using Diamond's media for diagnosing Tritrichomonas foetus in bulls
Sarah Parker, John Campbell, Alvin Gajadhar Abstract. A number of different culture media have been described for use in the diagnosis of Tritrichomonas foetus infection in bulls, and recently, a commercial culture kit has become available. The objective of this study was to compare the sensitivity of 2 culture-based diagnostic tests for T. foetus in bulls. One test used a commercial kit for transport and culture of the samples. The other test used a thioglycollate transport medium (TFTM) for transport and a modified Diamond's medium (MDM) for culture of the samples. Twenty-one bulls infected with T. foetus were sampled repeatedly. On each sampling day, samples collected from the left and right sides of the bull were tested with one of the 2 diagnostic tests being compared. The effect of the type of diagnostic test on the outcome of the test was evaluated with a chi-square test for the calculated odds ratio. Because repeated tests from the same bull cannot be considered independent measures, unadjusted chi-square tests were adjusted for the effect of clustering by bull. Samples tested using the commercial kit were 6.95 times as likely to be positive as samples tested with a diagnostic test using MDM (P Ͻ 0.001).
Trichomoniasis is a venereally transmitted reproductive disease of cattle caused by the protozoan parasite From the Centre for Animal Parasitology, Saskatoon Laboratory, Canadian Food Inspection Agency, Saskatoon, Saskatchewan S7N 2R3, Canada (Parker, Gajadhar), and the Department of Herd Medicine and Theriogenology, Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, Saskatchewan S7N 5B4, Canada (Campbell).
Tritrichomonas foetus. Infection is usually inapparent in bulls but can cause early embryonic death and abortion in cows. 2 Whereas cows tend to clear the infection, bulls can remain carriers for life and act as the main reservoir of the disease. 6 Trichomoniasis can be a source of extensive economic loss in cow-calf operations. 13 Control programs focus on identifying and culling infected bulls and culling open cows. 2 
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